The sterile insect technique (SIT) is widely used to suppress or eradicate tephritid fruit fly pests that threaten agricultural crops. The SIT entails the production, sterilization, and release of large numbers of the target pest species, with the goal of achieving sterile male by wild female matings, which result in infertile eggs and the subsequent reduction of the wild pest population. The success of this control strategy depends, to a large extent, on the ability of released, sterile males to compete successfully against wild males to achieve copulations with wild females. Lance and McInnis (2005) proposed that species with greater male involvement in courtship and mating are less amenable to the SIT than species with simple courtship, because strong artificial selection characteristic of mass-rearing environments is more likely to generate greater behavioral modification to complex than simple courtship and thus to result in increased rejection by wild females. Consistent with Lance and McInnis (2005), the mating competitiveness of mass-reared males of the Mediterranean fruit fly, Ceratitis capitata (Wiedemann), a species with complex male courtship, is substantially lower than that of mass-reared males of the melon fly, Bactrocera cucurbitae (Coquillett), or the oriental fruit fly, Bactrocera dorsalis (Hendel), two species with very simple male courtship. In light of this difference in mating ability, we tested the prediction that higher overflooding ratios (sterile:wild males; OFR) would be required to control populations of C. capitata than of the Bactrocera spp. Levels of induced egg sterility achieved under different OFRs were compared to the "net sterility target," computed as the proportional decrease in a species' intrinsic birth rate (realized via SIT) required to balance the intrinsic rate of death and found to be 80% for the three species considered. Although the data are scant, they generally support the prediction. For B. cucurbitae, OFRs < 50:1 resulted in egg sterility levels near 80%, whereas in C. capitata similarly high sterility values were achieved only with OFRs >300:1. Likewise, relative to populations in control (untreated) sites, populations in release areas were reduced >99% at OFRs of 50:1-100:1 for B. cucurbitae in Japan compared to reductions for C. capitata of 50-93% at OFRs between 700:1-3,160:1 in Nicaragua and about 80% for OFRs between 100:1-400:1 in Hawaii. The implications of these findings for fruit fly SIT are discussed.
mating would be less amenable to the SIT than species with no, or very simple, courtship, where matings follow more directly from the mere incidence of intersexual encounters. This argument follows directly from the notion that artificial selection occurring in massrearing environments, and deriving largely from the high adult holding densities, is more likely to generate greater behavioral modification to complex than simple courtship and thus to result in increased rejection of mass-reared sterile males by wild females.
Mating Competitiveness of Mass-Reared Males
Among economically important tephritid species, the SIT has been used most widely against the Mediterranean fruit fly (medfly) Ceratitis capitata (Wiedemann) (Enkerlin 2005 ), a species with very complex male courtship behavior (Féron 1962; Kaneshiro 1986, 1989) . In the medfly, receptive females seek perching males, who signal their location via emission of pheromones, intense wing-fanning, which may serve to disperse the pheromone, and production of audible sounds (a consequence of the rapid wing movements). Upon detection of an approaching female, the male produces a suite of close-range signals, including rapid, forwardbackward wing flicks, continued pheromone emission but with the abdomen curved downward and forward, and oscillatory head movements, all of which are performed while directly facing the female.
Consistent with Lance and McInnis (2005) , mating studies of the medfly conducted worldwide generally show that mass-reared, sterile males are inferior to wild males in procuring copulations with wild females (Table 1) . In these studies, most of which were conducted in field cages (typically 3 m in diameter and 2.5 m in height) placed over host plants using equal numbers of mass-reared males, wild males, and wild females, the proportion of total matings obtained by mass-reared males (or the Relative Sterility Index, RSI; McInnis et al. 1996) was usually below 40% and averaged 31% across all studies. Although this pattern is widely recognized (Hendrichs et al. 2002) , its exact cause remains unknown. However, several studies (Liimatainen et al. 1997; Eberhard 1998, 2000; Lux et al. 2002) have documented differences in male courtship between wild and mass-reared male medflies. Importantly, owing to frequent interruptions by other flies under crowded holding conditions, mass-reared male medflies have evolved abbreviated premount courtship, which results in frequent rejection by wild females Eberhard 2000, Shelly 2012 ).
The SIT is also used, albeit to a lesser extent, against agriculturally important species of Bactrocera, particularly the oriental fruit fly Bactrocera dorsalis (Hendel) and the melon fly Bactrocera cucurbitae (Coquillett) . As in the medfly, receptive females of these species seek perching males, who signal their location via emission of pheromones, intense wing-fanning, and accompanying sound production (Fletcher 1987) . However, unlike the medfly, when an approaching female is detected, males of these three species cease wing-fanning and attempt to mount the female. Mounting is, more or less, immediate in B. dorsalis (Kobayashi et al. 1978 , Arakaki et al. 1984 ) and B. cucurbitae (Suzuki and Koyama 1980, Kuba et al. 1984) , although wing vibrations produced by just-mounted males may provide the female with information on male quality (Arakaki et al. 1984) . Although fewer data are available, mass-rearing may alter calling and courtship signaling of Bactrocera males. Kanmiya et al. (1987) identified subtle differences in the temporal patterns of wing-fanning between wild and mass-reared B. cucurbitae males, with wing-fanning bouts being generally of shorter duration but greater periodicity in wild than mass-reared flies.
Although fewer data are available, existing studies indicate that mass-reared males of the oriental fruit fly and melon fly exhibit mating frequencies equivalent to their wild counterparts in Table 1 . Results of mating competitiveness trials for the Mediterranean fruit fly, C. capitata, in which mass-reared males competed with wild males (or wild-like males from recently established laboratory colony) for copulations with wild (or wild-like) females RSI, the relative sterility index, is the percentage of the total matings with wild females achieved by males of the mass-reared strain. In some cases, RSIs represent averages computed over several experiments within a study. In all studies, mass-reared flies were sterilized, except Shelly (2001a); mass-reared males were not exposed to aromatic mating stimulants; mating tests were conducted in field cages, except Juan-Blasco et al. (2013) and Paranhos et al. (2013) , which were performed in laboratory cages; and equal numbers of wild males, wild females, and mass-reared males were used, except Zapien et al. (1983) , Robinson et al. (1986), and McInnis et al. (1996) , which in addition released an equal number of mass-reared females. a Bisexual-standard; GSS-pc-genetic sexing strain, pupal color; GSS-tsl-genetic sexing strain, temperature sensitive lethal. 
Overflooding Ratios and the Effectiveness of SIT
With medfly SIT in particular, management response to the competitive inferiority of mass-reared males has been to increase the production and release numbers of sterile males (Calkins and Parker 2005) . Simply increasing the ratio of sterile:wild males (the so-called overflooding ratio, hereafter OFR) will, of course, not be effective if released males, regardless of their abundance, fail to meet some minimum threshold of "acceptable" courtship performance required by most or all wild females (Itô and Yamamura 2005) . However, if choosiness varies inversely with the encounter rate with acceptable mates as shown for other insects (Cratsley and Lewis 2005, Lehmann 2007 ), then wild medfly females that encounter a series of released males may eventually mate with a released male to insure some reproduction prior to death. If this scenario is true, increasing the OFR in an SIT program may lead to more effective population suppression. If this, in turn, is true, then the OFR required to attain effective control would likely be much higher for C. capitata than for B. cucurbitae or B. dorsalis, as, as noted above, mass-reared medfly males appear far less competitive relative to wild males than is the case for these Bactrocera species.
The objective of the present report was to assess the relationship between OFR and the effectiveness of SIT in suppressing populations of C. capitata, B. cucurbitae, and B. dorsalis. We focused on these species, because field data were available that related OFR to 1) induced egg sterility in wild females and, in a small subset of the studies, 2) trap captures of wild flies in SIT-treated and untreated (control) areas. Pilot or demonstration studies of the SIT conducted in small, nonisolated areas (e.g., McInnis et al. 1994) were excluded, because immigration likely had a nontrivial influence on the results. Likewise, studies that estimated OFRs and the size of the target population in the release area but not simultaneously in an untreated area (e.g., Cheikh et al. 1975) were also excluded. However, we included several studies that experimentally assessed the impact of OFR on egg sterility using large field enclosures. The present paper includes no data on Anastrepha spp., because 1) relevant data from the open field are not available, and 2) recent data (Flores et al. 2014) for the Mexican fruit fly A. ludens (Loew) that related OFR to induced egg sterility in large field cages were obtained using flies from a mass-reared strain exclusively.
The Data
The methods used in the relevant studies are summarized briefly below, and the original papers should be consulted for more thorough accounts.
Mediterranean Fruit Fly, C. capitata
Data were available from three field studies and two studies conducted using large field cages. Rhode et al. (1971) aerially released sterile medflies from a mass-reared, bisexual strain over a 48 km 2 area of coffee (Coffea arabica L.) in Nicaragua from 1967-1969. However, the data were most complete for September 1968-May 1969, and our analysis is limited to this period. In addition to the release area, a control area (termed Check 1) that received no sterile flies was established. Before and after start of the releases, aerial spraying of a protein bait-malathion mixture was performed over both release and nonrelease areas. Concurrent spraying confounds assessment of the SIT's (2013) RSI, the relative sterility index, is the percentage of the total matings with wild females achieved by males of the mass-reared strain. In some cases, RSIs represent averages computed over several experiments within a study. In all studies, mass-reared flies were sterilized, except Matsuyama and Kuba (2004) ; mass-reared strains were bisexual (standard), except McInnis et al. (2004; T1 data) and Shelly et al. (2000) , which used pupal color genetic sexing strains. effectiveness, and here we assume that 1) its impact on wild fly populations was similar in the release and control areas and 2) its impact on sterile fly numbers was negligible in the release area. Hatch rate was determined using eggs dissected from coffee berries collected in the release and control areas. However, sample sizes were quite small for several months, and we included egg hatch data from the release area for only 3 mo (when n ¼ 17, 43, and 205 eggs, respectively) and used the overall average hatch rate of 93% for wild X wild matings (in Check 1) to compute net induced egg sterility (here and throughout, egg sterility in wild X wild crosses was subtracted from the egg sterility observed in release areas to obtain net percent egg sterility, i.e., that induced by sterile males over and above naturally occurring egg sterility). Rhode et al. (1971) also estimated the populations of wild males in the release and control areas using traps baited with trimedlure (a male attractant routinely used for monitoring medfly populations, Jang and Light 1996) . Comparison of wild male captures between the release and control areas on a given date yielded an estimate of population reduction expressed as 100% X (1 -wild flies per trap per day in treated site/ wild flies per trap per day in control site). Wong et al. (1986) compared egg sterility and the abundance of wild medflies in release (Kula) and control (nonrelease, Keokea) areas on Maui, Hawaii, from December 1981-June 1982. Sterile flies from a mass-reared, bisexual strain were released weekly from the air and ground over a 6-mo period. Male captures in traps baited with trimedlure were used to estimate OFRs in the release area and numbers of wild flies in both areas. Eggs were dissected from peaches (Prunus persica (L.)) collected in both Kula and Keokea, and hatch was measured in the laboratory. Establishment of release and control areas allowed estimation of net percent egg sterility (as described above) and degree of population reduction (both calculated as described above).
In a large-scale, multiyear project, Rendon et al. (2004) compared the effectiveness of aerial releases of bisexual versus malesonly strains in inducing egg sterility in wild medfly populations in coffee fields in Guatemala. OFRs were measured using trimedlurebaited traps, and eggs were dissected from field-collected coffee berries; natural hatch rates were determined via egg collections from a nonrelease area. Releases spanned 1995-1997, but our analysis includes only results from 1997, which afforded the most complete data set. No trapping of wild males was conducted in nonrelease areas in any year, and consequently no estimates of SIT-mediated population suppression were available.
In addition to these field studies, Shelly et al. (2005) examined the relationship between OFR and egg sterility using large field enclosures (16 by 6 by 2.5 m 3 , l:w:h) placed over nonfruiting guava trees (Psidium guajava L.) on Oahu. Irradiated males from a temperature-sensitive lethal (tsl) genetic sexing strain were released at OFRs ranging from 5:1 to 60:1 (seven replicates were performed per OFR). Replicates involved sterile males that were exposed to ginger root oil (a substance known to enhance male mating success, Shelly 2001b) prior to release or were nonexposed, but only data for the nonexposed males were included in this report. Several days after the flies were released, apples were introduced into the enclosures as oviposition sites. Eggs were dissected from the apples, and hatching rates were then obtained. To calculate net induced sterility, we determined natural hatch rate by releasing wild flies in tents covering single guava trees, allowing mating, and then collecting eggs deposited in apples as in the large enclosures.
In another study employing large field enclosures (7.5 by 6.4 by 2.4 m 3 , l:w:h), Rendon et al. (2006) measured the effects of sterile male medflies, parasitoids, or these two in combination on reproduction of fertile females. Data presented here derive exclusively from the treatment involving sterile males only. Cages were placed over coffee plants at four different plantations of varying altitude in Guatemala. At each location, fertile flies (110 individuals per sex) were released in one set of (control) cages, and later all coffee berries within the cages were harvested. Berries were held in the laboratory to allow larval development, and resultant pupae and adults were counted (only data for pupae are included in our analysis). Concurrently, in another set of (SIT) cages at each location, sterile males were released along with the fertile flies (again 110 individuals per sex) at an OFR of 100:1 (i.e., 11,000 sterile males were released per cage), and coffee fruits were harvested and pupae counted as above. Four control cages and four SIT cages were established per location. SIT-mediated population reduction was estimated following the above method.
Melon Fly, B. cucurbitae
Two field studies included data relating OFRs to egg sterility and reduction of wild melon fly populations. To our knowledge, no studies involving large field cages have been conducted for this species. Iwahashi (1977) presented comprehensive data from the eradication project on Kume Island, Okinawa, which included extensive ground releases of sterile, mass-reared flies from a bisexual strain over a period of 2 yr. Prior to the releases, male annihilation (involving aerial distribution of strings soaked in the male attractant cuelure [Jang and Light 1996] and naled solution) and protein bait sprays were used to reduce the wild melon fly population to 5% of peak levels, but these methods were suspended with the start of the SIT. Iwahashi et al. (1977) provided data on male captures (males per trap per day in traps baited with cue-lure and naled) and percent egg hatch (based on laboratory oviposition of field-caught wild females) for both Kume Island (release area) and Naha Island, which received no sterile flies and thus served as a control area. Male capture data were used to compute OFRs on Kume Island, and the comparison of wild male captures between the release and control areas on a given date yielded an estimate of population reduction (as described above). Regarding egg sterility, for a given sampling date the egg hatch estimate for Naha was subtracted from that for Kume Island to yield net percent egg sterility.
The second data set derived from McInnis et al. (2007) , which was completed as part of the USDA/ARS Area-Wide IPM program against tephritid fruit flies in Hawaii (Vargas et al. 2008) . McInnis et al. (2007) released sterile males from a pupal color sexing strain for 7 mo over 10 km 2 on the island of Maui. No other control measures were applied at this site during the period of sterile male releases. Monthly measurements were taken of OFRs (based on male captures per trap per day in cue-lure baited traps) and percent egg sterility (based on hatch rate of eggs dissected from field-collected host fruit). This study did not include a control area and thus did not describe the level of population suppression achieved via the SIT. However, an average egg hatch rate was obtained for concurrent wild by wild matings from a nonrelease area on the island of Hawaii, thus allowing computation of net percent egg sterility as described above.
Oriental Fruit Fly, B. dorsalis
Analysis included one study conducted in the field and one using large field tents. McInnis et al. (2011) conducted weekly ground releases of sterile flies from a males-only, pupal color genetic sexing strain (McCombs and Saul 1995) in two fruit orchards on Oahu, Hawaii, over a period of 8 mo in 2006. Prior to release, males designated for one orchard were exposed to methyl eugenol (a male attractant known to enhance male mating success in this species, Tan and Nishida 1996) , while males in the other area were nonexposed. To be consistent with field studies on the other species, we here included only data for the area that received nonexposed males. Captures of sterile and wild males in methyl eugenol-baited traps were monitored at weekly intervals in (n ¼ 31 sampling dates). Measurements of egg sterility were made every 4-7 wk (n ¼ 12 sampling dates) and were based on eggs dissected from a single host (pomelo, Citrus grandis (L.) Osbeck). Control egg hatch rates were measured for wild X wild crosses by collecting eggs from pomelos immediately prior to the sterile male releases. A designated control (nonrelease) area was ultimately considered unsuitable, owing to differing availability of host plants from the two release sites, consequently no data on population suppression were presented in this study.
Also, for B. dorsalis, Shelly et al. (2010) measured egg sterility for wild oriental fruit flies using the same field enclosures and the same basic protocol as described above for the medfly. Irradiated males were derived from the same genetic sexing strain used by McInnis et al. (2011) , and OFRs of 5:1, 10:1, 30:1, and 60:1 were tested in the field enclosures (seven replicates were performed per OFR). Replicates involved sterile males that were exposed to methyl eugenol prior to release or were nonexposed, but as above we here included only data for the nonexposed males. Several days after the flies were released, apples were introduced into the enclosures as oviposition sites. Eggs were dissected from the apples, and hatching rates were then obtained. To calculate net induced sterility, we determined natural hatch rate by releasing wild flies in tents covering single guava trees, allowing mating, and then collecting eggs deposited in apples as in the large enclosures.
Induced Sterility and Effective OFRs
As evident from the above summary of available data, studies assessing the impact of OFRs in SIT programs have more frequently provided measurements of induced egg sterility than population reduction. To gauge whether the elevated net percent egg sterility achieved via the SIT might actually reduce wild populations, we computed, for C. capitata, B. cucurbitae, and B. dorsalis, respectively, the relative decrease in the intrinsic birth rate (b) required to exactly balance the intrinsic rate of death (d), such that the overall intrinsic rate of increase (r) would equal zero. For brevity, and acknowledging SIT's goal of reducing birth rate, we label the proportional decrease in b required to achieve b ¼ d as the "net sterility target" of the SIT. We then compared the net egg sterility levels achieved with varying OFRs with this target to estimate the minimum effective OFR for the species. We fully acknowledge that this procedure, which uses a single, static measure (percent egg sterility) to assess SIT's impact on a complex, time-dependent process (per capita birth rate per unit time), provides only a rough estimate of the net sterility target but nonetheless consider this value sufficiently robust to make broad comparisons between different tephritid species.
Estimates of population growth parameters are, by necessity, gathered by demographic studies conducted in the laboratory, and these vary in the environmental regimes (temperature, humidity, photoperiod, holding densities, etc.), strains (source location, degree of laboratory adaptation, etc.), and larval diets (artificial media, natural hosts, amount, etc.) used. Given this variability, our approach was to calculate average b and d values using all data available for a given species, and the following values were obtained: for C. capitata, b ¼ 0.145 and d ¼ 0.0295 (Carey 1982 , Vargas et al. 1984 , Krainacker et al. 1987 , Diamantidis et al. 2011 ; for B. cucurbitae, b ¼ 0.145, d ¼ 0.026 (Vargas et al. 1984 , Yang et al. 1994 , Vayssières et al. 2008 ; and for B. dorsalis, b ¼ 0.133, d ¼ 0.023 (Vargas et al. 1984, Foote and . Thus, the net sterility target (percent reduction of b to equal d) was estimated as 80% for C. capitata, 82% for B. cucurbitae, and 83% for B. dorsalis, respectively.
Results
For C. capitata, the relationship between OFR and induced egg sterility varied greatly among studies (Fig. 1A) . Egg sterility levels between 65-83% were observed for OFRs varying from 102:1 to 390:1 for medfly on Maui, Hawaii. However, data collected in Nicaragua and Guatemala indicated that much higher OFRs were required to induce similarly high egg sterility. In Nicaragua, egg sterilities of 75-92% were observed but only at extremely high OFRs (1,120:1-3,280:1). In Guatemala, male-only releases resulted in OFRs as high as 500:1 and 775:1 with associated egg sterility levels of 68-73%. Still, these releases appeared more effective than bisexual releases, where OFRs of 750:1 and 1,350:1 yielded egg sterility levels <15%. The Nicaragua and Maui studies permitted characterization of the association between OFR and reduction of the wild fly population (Fig. 1B) . In Nicaragua, OFRs between 700:1-3,160:1 resulted in declines in the wild fly population varying from 50-93%; over the 4 mo with available data, the average OFR achieved was 1,364:1, and the wild population was reduced an average of 75%. In Maui, with the exception of one estimate, the data showed a uniform level of population suppression of 70-80% across a wide range of OFRs.
The large field cage study conducted in Hawaii yielded markedly different results from the aforementioned field data. Whereas field measurements of egg sterility typically exceeded 60% only at very high OFRs (Fig. 1A) , induced sterility recorded in field cages in Hawaii was high even at low OFRs (Fig. 2) . Sterility values >80% were observed for all OFRs 10:1, and even at the 5:1 OFR, egg sterility averaged 62%. Results from the large enclosures established in Guatemala were more consistent with the data from the open field. In these enclosures, the average reduction in pupal yield from host fruits (coffee berries) was only 44% at an OFR of 100:1.
For B. cucurbitae, field studies conducted on both Kume and Maui Islands reported low to moderate OFRs but relatively high levels of egg sterility (Fig. 3A ; this and following references to sterility refer to net sterility). On Kume Island, OFRs <1:1 resulted in 9-40% egg sterility, an OFR of 7:1 yielded 58% egg sterility, and OFRs of 28:1 and 45:1 were associated with egg sterilities >70%. On Maui, low OFRs (<5:1) did not induce any detectable egg sterility, but when the highest OFR (22:1) was realized, egg sterility was 64%, an estimate comparable to that observed for a similar OFR (28:1) on Kume. Data from Okinawa on the abundance of wild populations indicated that, when OFRs >45:1, the wild population in the release area was reduced >99% relative to wild population in the control area (Fig. 3B ). As noted above, the computed net sterility target for a species is best considered a rough estimate, and the finding that population reduction occurred even though egg sterility levels did not exceed the computed target indicates that this value was an overestimate in this particular case.
For B. dorsalis, no clear relationship between OFR and egg sterility was detected in the field study. OFRs ranged from 2:1 to 64:1 with an average of 29:1, and egg sterility measurements ranged from 18-80% with an average of 50%. In the large field enclosures, egg sterility levels increased noticeably with increasing OFR (Fig. 2) . Average egg sterilities were 55 and 77% for OFRs of 5:1 and 60:1, respectively.
Discussion
Authors frequently mention an adequate OFR as a requisite to successful application of the SIT. To cite but a few examples, Klassen (2005) lists "substantial overflooding ratios" and Lance and McInnis (2005) consider "a sufficiently high 'overflooding' (sterile:wild insect) ratio" critical for the success of SIT. Likewise, Steiner (1969) stated that eradication based on SIT "will succeed only when there is a sustained and adequate overflooding of the native population." Beyond this general recognition, however, there is often little attempt to more precisely link OFR with SIT efficacy. For example, Villaseñ or et al. (2000) listed 80:1 as the minimum OFR for medfly control, and Steiner (1969) proposed 20:1 as the critical OFR for eradication of populations of B. dorsalis, B. cucurbitae, and C. capitata. However, in neither case was evidence provided that justified the critical OFR values proposed. On the other hand, mathematical models have been developed that explicitly define the minimum OFR needed to suppress reproduction of the target population. These models, which originated with Knipling (1955 Knipling ( , 1959 , essentially modify geometric population growth through inclusion of terms that include the number of sterile and wild males in the population (as an index of infertile matings) and a coefficient of the competitive ability of sterile males that serves to weight their numerical abundance (Berryman 1967 , Barclay 2005 . While offering precision, these models contain parameters, such as male and female population size and the population's intrinsic rate of increase, that are difficult to measure in the field. As a result, to our knowledge, a modeling approach has never been used to determine a target OFR for a field SIT program against tephritid pests. (Wong et al. 1986 ), Nicaragua (Rhode et al. 1971) , and Guatemala (Rendon et al. 2004 ) and (B) reduction of wild population in Nicaragua (Rhode et al. 1971 ) and on Maui, Hawaii (Wong et al. 1986) . Data from Guatemala are presented separately for bisexual and male-only releases, respectively. Horizontal dotted line in A represents net sterility target of 77%.
As stated above, our objective in this paper was to compare likely indicators of SIT performance-namely, net egg sterility and population reduction-at different OFRs for C. capitata and two Bactrocera species. Lance and McInnis (2005) proposed that courtship complexity influences the success of the SIT, and we sought to determine whether, in general, suppression of C. capitata, with relatively complex courtship, requires higher OFRs than does suppression of Bactrocera, with relatively simple courtship. Importantly, then, we did not aim to explicitly define the threshold OFRs needed to reduce populations of these pests, but, based on presumably reliable indices of the SIT's success, we investigated whether effective OFRs differed widely for these species.
With one exception, the data offered broad support for Lance and McInnis' (2005) prediction. Regarding the field data, egg sterility values of 70% were recorded for B. cucurbitae on Kume Island at OFRs ranging from roughly 20:1 to 50:1. Similarly, on Maui, where only low OFRs were realized, an OFR of 22:1 was associated with an egg sterility level of 64%. The data for B. dorsalis, which derived from a single study on Oahu, Hawaii, were not clear-cut but suggest a general consistency with B. cucurbitae in that the relatively low average OFR (29:1) realized for this study was associated with a relatively high average egg sterility (50%). In contrast, for C. capitata in Nicaragua, OFRs of 1,100:1 were associated with egg sterility levels of 75-80, and 92% egg sterility was recorded only when the OFR was nearly 4,000:1. For medfly in Guatemala, release of a male-only strain resulted in egg sterility levels that were 30% for OFRs 500 and 75% at an OFR of nearly 800:1. Bisexual releases were far less efficient: egg sterility levels were all <15% even when the OFR exceeded 1,000:1. Even the sterile male releases data in Hawaii, which appeared to yield relatively high induced sterility, did not result in sterility values > 60% until OFR exceeded 60:1. Although field data relating OFR to population suppression are scant, they too indicate higher OFRs are required to dramatically reduce or eradicate populations of C. capitata than is the case for B. cucurbitae. The wild population of B. cucurbitae on the release island of Kume was >97% smaller than the corresponding population on the control island at OFRs as low as 30:1-45:1. By comparison, data from Nicaragua indicated that, over a 4-mo period, an average OFR > 1,000:1 reduced the wild medfly population only by 75%, and an extremely high OFR (3,160:1) was required to achieve a population reduction >90%. On Maui, although OFRs <100:1 appeared to result in unexpectedly high suppression (wild population in the treated area was reduced 60-70% relative to that in the control area), population reduction never exceeded 80% even when the OFR approached 400:1 Three studies presented data from large field enclosures, and two of these were consistent with Lance and McInnis (2005) , while one was not. The single cage study on B. dorsalis found high levels of induced egg sterility at relatively low OFRs, thus supporting the trend noted above for field data on Bactrocera. Similarly, the cage study on C. capitata conducted in Guatemalan coffee fields reported only a 44% reduction in pupal production at an OFR of 100:1, which indicates that very high OFRs are required for reduction of target medfly populations. However, results from the Hawaiian cage study on C. capitata differed substantially from the open field studies and Lance and McInnis (2005) , since OFRs ranging from 10:1-60:1 produced >80% egg sterility. In fact, under the same experimental protocol and very similar environmental conditions in Hawaii, sterile C. capitata males induced higher levels of egg sterility than did sterile B. dorsalis males.
We have no ready explanation for this anomalous result, although it possibly reflects intergeneric differences in dispersal tendency. Although some individuals of C. capitata may disperse over long distances (up to 9.5 km, Meats and Smallridge 2007) , the species, in general, appears relatively sedentary, with most individuals moving only tens or hundreds of meters over time (Wong et al. 1982 , Barry et al. 2002 , Meats and Smallridge 2007 . In contrast, Bactrocera are larger, more robust flies and typically appear to move much greater distances than medfly (Fletcher 1987 , Froerer et al. 2010 . By confining sterile males and wild females in the same, discrete space, studies performed in large field enclosures obviously remove the need for sterile males to disperse in the environment and locate leks and attendant females, a fact that would presumably provide a relatively larger advantage to sterile males of C. capitata than those of Bactrocera spp. Thus, the high OFRs apparently required to gain effective control of medfly may reflect, not only the rearingmediated modification of male courtship, but also the low vagility of sterile males, which lessens their ability to locate population "hotspots." In this regard, it is noteworthy that Wong et al. (1986) , which employed both air and ground releases (the latter explicitly made in known hotspots), obtained higher sterility at lower OFR values than Rhode et al. (1971) or Rendon et al. (2004) , which relied on aerial release exclusively and the "indiscriminate" distribution of sterile males. While the low vagility of sterile medfly males may, in part, explain the need for high OFRs for effective control, it remains unclear why minimizing the importance of dispersal in the large field enclosures would necessarily result in high induced sterility, since mating trials, conducted in even smaller cages, show repeatedly that sterile male medflies are inferior sexual competitors relative to their wild counterparts (as evidenced in Table 1 ). In other words, even though the large field enclosures may eliminate dispersal as a factor, they would not eliminate the need for male courtship displays that are suitable or acceptable to wild females. One possible explanation for the apparent success of mass-reared males in the large field cages in Hawaii was the presence of a-copaene hotspots on particular guava trees, which served to boost the mating competitiveness of the mass-reared males. This chemical is known to be highly attractive to male medflies (Flath et al. 1994) , to enhance male medfly mating success (Shelly 2001b) , and to occur in the bark of guava trees (Shelly and Villalobos 2004 ). Males exposed to a-copaene-rich spots on guava trees gain a mating advantage over nonexposed males (Shelly and Villalobos 2004) , and such exposure may have increased the mating frequency of massreared males, leading to heightened levels induced egg sterility. In conclusion, limited data obviously render our analysis and interpretation preliminary. Moreover, an explanation resting solely on a complex vs. simple courtship dichotomy is simplistic, as many other factors may affect the success of SIT. In particular, and as noted above, the dispersal ability of released, sterile males is most likely a critical influence. We are keenly aware of these limitations and so present the Ceratitis-Bactrocera comparison, not only as an initial step toward characterizing potential differences between them, but also as a stimulus to collect additional field data thus permitting a more rigorous evaluation of the relationship between OFR and SIT efficacy. The knowledge thus gained would have great practical value, as release numbers could be adjusted to the minimum target level needed to start driving the population downward to eradication. The release of too few flies would only slow the rate of increase of the wild population, while releasing much more than the target minimum number may be unnecessary, and possibly wasteful of program resources, unless a faster decline of the wild population is desired. SIT projects are large and complex operations that require great attention to a myriad of logistical problems. When running, these projects are-by their very nature-not particularly conducive to critical analysis and evaluation: eradication is the goal, releasing sterile males is the means to this end, and the nature of the relationship between fly release numbers and the probability of eradication is given little, or no, attention. We acknowledge the political and economic pressures on an ongoing SIT program but nevertheless urge ongoing quantitative assessment of its effectiveness, which could save critical resources and provide useful information for any future tephritid fruit fly program, thereby increasing their chance for success.
